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Evolution towards an EIC Detector
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Putting T he Pieces Together

* Nucleon spin and 3D structure
 Effects of ‘cold’ nuclear matter
* Color Glass Condensate
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Setting The Stage for the LOI Studies
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DIS Electron Measurement
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PYTHIA DIS

-2<n<-1

e+p 10 GeV x 250 GeV

— DIS electron

------ Photons

10f .
1K PR PLIAE | PR M
0 5 10 ) 10
Py
5 T T — i ‘_l T
o o -
c "
o ;
© ; :
@ - :
LIJ 1 -I'. H
0.5r e+6 10 GeV x 250 Ge} j E - = =+ From mom. spectr E
PYTHIA DIS —— After EMCal PID
T . o -2<n<-1 -1<n<0
G 1 2 2 1 2 2 I l 1 2 I [ l l- 2 1 2 2 2 2 1 2 2 2 g !
0 5 10 ) 5 10 ) 5 10
p (GeV/c) p (GeV/c) p (GeV/c)

2 Calorimeter:

| OE/E = 1.5%//E
| Oe/E = 12%/+/E

arXiv:1402.1209v |




Proton Structure: Longitudinal Spin
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Hadron Momentum [GeV]
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RICH Detectors for EIC Hadron ID
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EIC R&D

EIC R&D project eRD6

SBU Students:
Thomas Videbaek
Stefanie Zajac
Marie Blatnik
and others
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Kaon ID / Acceptance / Kinematics
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DVCS Photons
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EIC WhitePaper arXiv:1212.170
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e+A Physics Opportunities
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What has happened since the LOI?

200 —

100 —

S
(O}
S,
E
-]
a c
hea | &
EMCal | c
h .’ (" e
©
] I
) | |sec  N=4
|~ T | | = e T |
200 =100 ¢ 100 2% 300 400
GEMs GEMs GEM GEM GEM ;(cm)
Stationl Station2  Station3  Station4

80
70
60
50
40
30
20
10

e = B
“ePHENIX e+p 10 GeV x 250 GeV E =
“PYTHIA DIS Q>>1 GeV?, 0.01<y<0.80.30%10 GeV*=
~Hadron z > 0.2 ;_
3 e-going | barrel

-4 -3 -2 -1 0 1 2 3 4 5

Pseudorapidity n

107

10°

10°

104

108

102

10

1



= — |
l " > o /:’,/’,/—/ 1 ,
= .

Summary = e e,,,:

—_—

—

-
| | e

e e
\ ) = : . : ,../.
N §C| d Nl

- -l

< Ongoing simulation and hardware activities push the
detector design, incorporate sPHENIX updates, and offer a
lot of opportunity for collaboration.

< Continuous contact with MEIC detector group in meetings
and discussions explores synergies (e.g. RICH) and option
to use this detector at MEIC.

sPHENIX can naturally evolve (via fsPHENIX?) into
an EIC detector that covers all critical acceptances
and will do the essential Day| Physics.




ADDITIONAL SLIDES
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etp / etA Collisions at RHIC

FFAG Recirculating Electron Rings ERL Cryomodules

1.3-6.6 GeV
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Coherent
Electron Cooler

7.9-21.2 GeV

Energy Recovery Linac,
1.32 GeV

Polarized
Electron Source

Energy:
Electron: 6.6-21.2 GeV
Proton: 25-250 GeV
Ions: 10-100 GeV
Vs: up to 145 GeV

hadrons . :
. \ Detector Il Polarization:
electro Electrons: 80%
Protons and He3: 70%
Luminocity:
From AGS >1033 cm—z s-l



Updated mechanical design for EIC

Detector / fsPHENIX
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sPHENIX Geometry Updates
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The Central Element: The BaBar Coil
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v’ Superconducting Solenoid
v’ Field: 1.5T

v" Inner radius: 140 cm

v’ Outer radius: 173 cm

v Length: 385 cm

Inhomogeneity < 3%




sPHENIX

« HCAL: Steel-scintillator (5 Aint)

Tracking 100%/+/E energy resolution

* 2 layer Silicon vertex pixel Nx@ ~0.1 x0.] segmentation

* 5 layer Silicon-strip OR TPC
AP, * ECAL: Tungsten-scintillating fiber (18 Xo)
P, 0.0107 +0.000267 p, 12%/+/E energy resolution

N x @ ~ 0.024 x 0.024 (2x2 cm?)
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fsPHENIX

Tracking Hadron Calorimeter

* 2 layer Silicon vertex pixel * Steel-scintillator (5 Ainc)

* Silicon-strip OR TPC 100%/+/E energy resolution
« FVTX ~ 10 x [0 cm? segmentation

* GEM (ro® resolution ~100pm)
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EIC Detector Built Around the BaBar
SolenOid Electromagnetic Calorimeter

* Lead-tungstate (20 Xo)

Tracking "y |
* TPC (300 pm position resolution) 5%/ \/E eherey resolutlo.n
* GEMs (50-100 pm resolution in rA ) 3mm/+/E position resolution

* Lead-scintillator (18 Xo)

12%/+/E energy resolution
~3x3 cm? segmentation

-

Pb-Scintillator

r(m]

N

w

-PIIIIIIIIIIIIIIIIIIIII

DIRC Gas-RICH Aerogel
O e — /11

2

N

| Outgoing
hadron

e e

ZDC Roman Pots
z=12 m z>>10m

ARV

N
3

PLWO p/A -Pﬂ-



Electron Selection Efficiency
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Hadron ID Performance for EIC

| | | | | doi:10.1016/j.nima.2004.08.129
.' / AeroGel -
200 - ]

505 CF,
0. | ﬁ | Kf/ ',
5 10 20 50

P Lab (GCV/ C)

650, ———




“A Bridge Between Quarks / Gluons
And Nuclei”

“*How are the sea quarks and gluons,
and their spins, distributed in space
and momentum inside the nucleon?

In Q2

**Where does the saturation
of gluon densities set in?

saturation

h non-perturbative region os~1

s In x

¢ 42*' *How does the nuclear environment
affect the distribution of quarks and

gluons and their propagation? arXiv:1212.1701v3



Deep Inelastic Scattering (DIS)

s = collision energy (squared)

K X / Q=-¢°=-(k-k)=

lepton momentum transfer /
.. 2 resolution
o g=k—Kk
p S X = momentum fraction of
proton N\ struck quark

\ [/ hadrns = (q p) | (k p) = inelasticity
p mass W

Relation: Q? =s xy

z = (Pn P) / (@ P) = momentum fraction of the final state hadron
with respect to the virtual photon

W?2 = squared invariant mass of the produced hadronic system



SIDIS: Transverse Momentum
Dependent Parton Distributions

Sivers Function
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| e+A Physics
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